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(54) CMOS-TYPE REVERSIBLE DELAY CIRCUIT, CONTROL METHOD FOR 
DELAY TIME AND SEMICONDUCTOR TESTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize highly precise 
delay time setting resolution by controlling the size of 
through-current flowing to a common potential node 
from a power potential node, when an input signal is 
inputted to the gates of a first P channel- type MOS 
transistor and a first N channel-type MOS transistor. 
SOLUTION: A current supplied from a power potential 
node VDD is divided into charge current Ic flowing into 
a load capacity C10 from the P channel-type MOS 
transistor MP10 and trough-current Ip flowing into the 
common potential node GND from the P channel-type 
MOS transistor MP 10 through the N channel-type MOS 
transistors MN10 and MN100. The transmission time of 
the input signal is decided by an RC time constant 
decided by the load capacity C10 and the on resistance 
of the P channel-type NOS transistor MP 10. The gate 
control voltage Vent of the N channel-type transistor 
MN100 is controlled by a micro value, charge current Ic 
is changed by the micro value and delay time can be set 
highly precisely. 
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*g$© CMOS imn95Kiatt&tf tOSffiftBOHII 

DB»¥Ba cmos mmsmmsi 

mmznrcw KDP^^muo s hvy^x^m 

&10N?-+*;H!MOS hvyVZHfrbltZCMO 
SfflnRBKBRfcfcvT, 8 l OPf-y*;PS!MO S 
h 5 > 5>X #&tffg 1 © N f - -V */H!M 0 S h 9 > 5>X 

$3 c mo s a^neBEBBO)BMoMKe%^ 
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mmmmm 

MKWJmMlEftrc® 1<DP^ *;H!M o S F 7 
X#Rtf3!l ONf-+*A«!M0 S Yvy'JKZfrZrs. 
% C M 0 S SRlgSgBllfcfcV^ 
MfBH 1 ©Pf-V^/klMO S Yyy^J^mSW, 1 © 
Nf-+**ailO S h 5 * <Df- hkkftmff 

F^Mi£«im«©*£££«t3Him^ 
mmmmtcc tzmttz cmo ssmmi 10 

JBcil0iJ8SR**ifcSB l ©P^*;«0 S 
**fttfSll ONft^lMO S F5>S>**i:, 
tuffi^l ©N*-**;l/f!MO S F7^X#£lfrIE«l 

nffi/ —Ft ©iSEm*j&K;£ii, Men 1 © p * 

;l/SMO S h^^X^Rtffg 1 ©N^-¥*/FSMO S 

F 7 y*J7. $ Of- F fci^T* 5 o ©stfArtsns t 
*fc> ^©®Ktt©»%frft3>^fiKiR?£:, % 
l*fcCk*^k-rSCMOSSnI«3Bi@8o 20 

[it$s 3 ] wwtti/ - f t mm;- vtomit 
mcmmm-£tifc%i 1 ©p^+^^smo s 

X*fttf£l©N?-+*;H!MOS F7iyS>X*fr&fc 
I) CMO S S!nriE3SBi@BW)iB£^fra©S!iaWffifc43V 

MIEllll ©Pf-V^SMO S F^S^fttfSl © 
Nf-^UMO S F7>^X£©7~HcA;WB^ 
ArtStiSfctfc, MIB*Smtt/-F^P.HulB«ll 
ffi/- F^n3«lMS©At£ WlPtS C £fc J; 

«nax*t#fc*si:fcffl*©wffl*snssT»© 30 
mmMmmmMm%ztzmitt%cMo s 
sM^sg0g©«ERfP^©»w&o 

>x|ijiiga^ e> ©smi^cjs ire, 

40 

m^y-'r yx»K® 5. ©HJiPfi^tjS ut\ MfB 

RtftuIBfXhfM^(c^CfctuIBtt}^fi^©M§lf*^ 
J^TSt* M*-:/«*£»£r*T* F^*->58 

MIBtX F/^-yflJffc «fc 0BB£Sft;fc><*->©1& 
IBrX Hf^MU KH2*>f 5 ^JWfciSUTtt 

5ffl£SnfcMEtb;W§^ MfBrX h/^-XcJ; 50 
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D$££ftfcMEffl£fI^©]Wf«fc^ iWfB#^> 

m&*>(%y9WEm.s mmmtiLJ-vtmmiii.; 
- f t m\m\Lmmti*fttcm 1 © p ^*mu 

s?x^*»645cmo smmmmmmxh^x, mib 

SlOPf-lr*;VS!MOS h^^X^&ti^l ©Nf- 
**;I/S!MO S F5>s>x*©y-FteflHEBi£©£!P 
* n *£3#A;frSftS £ 1 fc, itfBUMi/- F 

*»6 immm.;- FNtn*KWBt©*t « 
tut * Kiwft{|P!»#K**rrs c m o s smrg jS^ih 

So 

[%i«©Pffl&M 
[000 1] 

BBH©irr588r#»] *f«CMOSlM«SE 

i*u-**©flfi©*a/^5S4@awcfflv^nsRi 

tf^©SSBt^©SJ®^ffiMt«c¥»f*M^SStlt 

So 

[0002] 

[$*©$«] ^ftfjfltSREfctfS 5 > 9 - V 

mmmm, fxz^x • m. • mmmzmmz 

a. mmiszT^mtittzfciibK, mmmmom 
mmmmi o 9 s<ot-9-^m.zm^\tft 
oTtrvs. ^©.ta^ni^jiMiii^fis » m 

r-^(B3S*S*SnSDR AM'fR I S C^£^n<y 

fc j e©^ittfii«<aortT^So 
[0003] K8 a, mmmmumm-M** 
ltcTuv mx&Zo m8<D^m»ummmt, y- 
9y*mmwit, f"(*y>rm.mt, mmm 

mmmfom?- (dut : Devic 

e Under Test) 6KOV'T©IS^ff'5t>©^feS 0 

[0004] m<omwmm.\z&%umt, &lt 

»SI 1 5 ©Hffiir- * fcjS l3T0rS©3®i«ffflft 

t ^ y ?m%wmm 3 Rtf jtRw^s 5 t*f 
Lx^n^mtsu T7.h7W-yms&4tt. y- 

9 y^Wmm 1 *» 5 ©»r-# fc JS C T0tS©r x 
*SJBft«8 3 Rff Jt»PJS» 5 \L% LTttl 
^JtS. «Mgl3tt, rXb;^-y^gg4^P» 
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©S;£©tX Y>^-y\z.l&vmmT7s h{B F 4®B 

[0005] mmm$mQftt>\t, xiizntcr 

X h^fcS Cfc (Wi WIS 5 fcftLTtttfj 

2fr5©*^y?^£jSCTtfc$U 10 
[0 0 0 6] H9tt, H8©^ft|SKfi»tJ;5M^ 
6 fcEPta^tl^rX hfB*§ (D U T 
[0 0 0 7] 5>??g£IB2tt, ftJgJgj£S83tf£ 

ummm ? 6 tfx (d u t *ai 

j&»&©Htfjfi3 (DUTfflrtfc*!) hrXW^->fg 20 
£g§4 fre>©r X M2->tc)SCfcffl;bf§#©ir#fI 

[0 0 0 8] HI Ott, H8©¥*fl$iU&»Bfc:&W-3 
>?8£«g 2 ©«WS*(S** LfcSWIH* 0 1 1 
(i, HI 0©^5>^§MMffl2tl3&f§^©£ 

[0 0 0 9] HI 0©^'T5>^^S2fctt^ CMO 

7U>y;7 (Master CLK) fcsWjStlS H 
1 lfc^StlSJ:^ 8aT-^'#-» (Enab 

le) ©tt©*s s> msmcfo zitm&sm. 

5>?8J£«tfData 0©JS»JT0 T1«BSHg 1 0 & 
(C, #^>?!«£«ata 2©JiSlfiT2 -J*ti»SIS 

1 2 mzznmzj 5 ymmmsz* 
[0010] z.m^^yfm^m.t^^'vm 

CM0SS!RlS®iE@»7©«iaf«:<fc»}j*SSn5i:fc 40 

[001 l] Hi 2 ti, $*©^i©fl!j£S;:#3CM0 

sfiRneHiH«w>H»HTfft*. «©n 1 <ommc 

{&SCM0 SSRHBSiiaBttx fll^ h • • 
■<yrt-ittmm, PLL, DLLH^£<fflV^tl 

tvs £>©•?& d , iwy- f vdd t «a«fu/- 

F G N D t <nmzm\WBZfttc P *7l/SM 0 S h 

1200, mp 1 2 omsm-^^m. 

MOS h7^X^MN 1 2 0, MN 1 2 00frS#f$ 50 
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SfttVSo Pft«M0Sf7y^X5!MP 1 2 
Ofttf Nf^/PS/MO S F7>5>X*MN 1 2 0©^ 

- b Kitkiiim i n # A7j£ tu Pi-^zmuos 

Yyy*?7>ZU? 1 2 0XttNf-+*;l^SMOS Yvy 
5>**MN 1 2 0OFW>^fflASf0utfl>HlA 
2W. Pf-¥*;l/SM0S h^^^X^MP 1 
2 0 0©^- N^+*^SM0 S i-^S^X^MN 
1 2 0 0©y-h£{4, WPflffiSCfcEEVcp, Vcn 

[0 0 12] fl£*©m©«tffc«SCMOS3?Bra6I 

A/jt§#&©|iJ»i: LT, p^^^;1/Smos b^y 
i^X^MP 1 2 0 0<D?—hW£Vcp*ffl$tZCttC 
J: Ox HB©^^fS*t«SWiiil[y-KVDDjb^«9&* 

n«*«««*RC^Ric«i;T«fc«*, ffi7i«? 

0 u t Km«ft$JbPDff9©WM*OTfcK£ 

[o o 1 3] hi 3ii, cmo smmmm^m 

~H%%o CCTftt, HI 3 (a) t^?ni><fe5ts * 

siffiy- f vdd fc«a*ffiy- fg nd tmicmi 
mm^mp^^^mMos hyy-yx^MP 130 

Rtf N?-+*;l>S!M0 S F5>^X^MN 1 3 0^6* 

mzfttc c m o s mmmmc^xmt&o 
[oo 1 4] hi 3 (a) (DCMosmwnmvkti 

m I n fc£5T# 0 MWAAt* t , P ^ *;m 

mo s hyypzzup 1 3 oummmtft^rm® 
*;i/$!Mo s h^^^x^MN 1 3 o mmmttmxh 

1 3 0^X^f-y f >mSi£Nf +*;HM0 S F 

yyi/xzMN 1 3 o fctu/j^jcMa^isnSo ± 

^©cfc^tc, f^*li, @B©t«§*©3W«llE*RC 

stfizmzfo vrmki*^ c r: <fc 5 «^©im^« 
tt±ssi«^a*ffl-et§gji©fe©^fe§o bp^, 

C©kt©Nf-V*;WaMO S Fv^X^MN 1 3 0 

<Dm&mmuxt^,(ox\ mi 3 (a)©cMos 
mwrnma, hi 3 ct>) K^n^^\^ p=^\ 

^HMOS Yyy-JxmP 1 3 0©fi#g*iR0 t 

mvmmmc tmnmmsnrcmtmsx^ 

tnX^W^o ®?X, HI 3 (a) ©CMOSIBBi 
mxit, R C HISS^/Jn^ < fc* * 5 1 1 * 
H^h* < * 0 , R C < «t 5 fct* 

[0 0 15] ttlOjgaES^t, HI 2(C/BLfc« 

©ig 1 ©miSfciis cmos spfgjBiEistt, km 

■? I n fc4^T«< 0<i^A*1-S«^tel± P 

1M0 S h9>^X^MP l 2 0 0©y-K«EVcp£ 

«»rr « £tK£<o, xnm- 1 n t fi%±j8« 0 #w 
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\tst%mtatni-v%mMo s ^>^x£mn 

l 2 0 007- hfcEEVmSfflWrst i:fcJ;»K *M 
F Vffllfr S BBO&^lfc^SnS jfeW 

[0 0 1 6] HI 4J4, 8E*©£2©fl|jfifcf&SCMO 
SSRlffilSE@B©l3RHT»l5«o «©mi0Wc 

c m o s sw^s&iass©*! ia i 2 Lit 
$#©tg 1 ofluafcff s cmos mnmmmm®. 10 

*f Uffl L tc & ©t?& D , SgRWfflffl M 0 S h 7 y V 
X**#r« CMO SS)Silll^«S(@M^^bfc 
HjSfc&oTVS. CCTftt, ^©©CMOSSBI® 

4 a© c m 0 s mmmt x\ m 5 so 
cmo s mwmmmmimMznx^Za 
[0017] mmcuosMfflmm*. p^+* 

;I/S!M0S h7>S?X*MP 1 4 0 Ot, Pf-**/H 

h7>S>X*MN 1 4 0£, Nf"**/VfflM0S 
S?X#MN 1 4 0 0 i:*^HI|ffi7- F VDDil&l'Sffi 20 

/- f g n d t <om\tmmmmtnxm^tix^ 

5o P^*;klM0S b^v'X^MP 1 4 0007 
-K Nf-f*;H!M0S h^V^X^MNl 4 0 00 
7- F fc ti, ^n^Wr£07- h HEE$iJ'»§ S 0 , 

/so (#^0MK^snfcE# "/" mm&m 
[ooi8] £ik©cmossbkbr& m\m 

SftfcPf-^l/gMOS F7>^X#MP 1 4 1 0& 
tfMP 1 4 1 1 Pf-¥*;HM0 S b^^X^M 
P 1 4 1 N^*;l/§M0S F7>S>X*MN 1 4 30 

1 1, mmmnkNf-^^muo s h7>$>x2 

MN 1 4 1 O&tfMN 14 11 £#«g«ffi/-FVDD 

f g n d trntrnkmrnstixm 
jssnrvs. p*-**;vffiMo s F7>s?x*mp 1 

4 1 ORtfMP 1 4 1 107-k Nf-**/UfBM0 S 
F7>S*X*MN 1 4 1 OftffMN 14 11 ©7-Mc 
H\ *ft*njJf£©7-F*ffifcftMPIS 1. /S Iff 

[0 0 19] WT, »I2E H3©0CMOSS! 

iMBfcfcjasnTfcD. £4®ocMosra@a 40 

»I4* 30>JgSK?nfeP^*;H!MOS F5>^X2 
MP 1 4 4 O&tfMP 1 4 4 1, MP1441, MP 1 
4 4 2, MP 1 4 4 3, MP 1 4 4 4 k, Pf-+*;US 
MOS YyyPTsfMP 1 4 4t, Nf-+*;14BM0S 
F7>S>X*MN 14 4k, M^iJSM$tlfcNf-¥^ 
SMOS h7>S^X^MNl 4 4 OfttfMN 14 4 1, 
MN1 4 4 1, MN 1 4 4 2, MN 1 4 4 3, MN 1 4 
4 4 tffWS&ttiL/- F VDDi:#jM{ft/- F G N D 

SMOS h^y^X^MP 1 4 4 O&tfMP 1 4 4 1, 50 



«Wf 1 1 - 1 4 5 8 0 0 
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MP 1 44 1, MP 1 442, MP1443, MP14 
4 4 07-h Nf-V^;USMOS h^y^X^MN 1 
4 4 OfttfMN 14 4 1, MN 1 4 4 1 , MN 1 4 4 
2, MN 1 4 4 3, MN 1 4 4 4 ©7-Ffcti, 
nmS©7- h SEMSPfg^ S 4 , / S 4 ffBttnSftT 

[0 0 2 0] ^LT, MOPft^HMOS Yyy 
v'X^MP 140, MP 1 4 1, . . . , MP14 4& 
tfNf-V*;l/MMOS hv>^X#MN 14 0, MN 1 

4 1 MN 1 4 4 ©7- FfcttA#fi# I n 

A#?tU P^+*;l/gMOS F9>^X#MP 1 4 

0, MP 1 4 1 MP 1 4 4XttN?-+*/HS 

MOS h^^X^MN 1 4 0, MN 1 4 1 , . . . , 
MN 1 4 4OKW>*6(llMf0u ttftftfjSft 

So 

[ 0 0 2 1 ] fE#©& 2 ©Wtfc^S CMOS SSJ^ji 
*-r*«^x #a©Pf-+:M/gM0S h7>S?X*© 

7- b«E*ij»ia^*asfcew"rs c a 

**>t/gM0S Fv^X^MP 1 4 0 0, MP 1 4 1 
0-14 11, . . . , MP 1 4 4 0-1 4 4 4©V>1* 

m i mximmmmm t u *;hm o 

S h^y^X^MNl 4 0 0, MN14 10-14 1 

1, . . . , MN 1440-1444 (D^fftfr 1 

/ - f vmfrzmznzmmm r 
■s±a«o«j§©aBWi*ffitfc«£r* c *t 

[0 0 2 2] HI 5fi, 8e*©®3©*jSfcffiSCMO 

5 SRraB^@B©iaKH"ea5*o tE*©& 3 ©«{C 

if 5 cmo s TOBsiHRtt, mummy- f vdd t 

«a*fiy- F G N D t OfflfcifSIJSgR* nfc P ^ 
7PSM0S h7>$?X*MP 1 5 O&tfN^-t^SM 
OS h^^^X^MN 1 5 Oil, Pf-+*;I4BMOS F 
5>^X#MP 1 5 OOKW^RtfNf-ir^/I^MO 
S h^y^X^MN 1 5O0KW>itfiM7Ou t 
i:©fflfcat?iJSgH!Sn, P^r*;l/fflMOS h7>^X 
^MP 1 5 l&tfNf-t^HMOS hyy'JX^Un 
1 5 l^«:Sh7>X7r 'V-htfrZm&Ztl? 

[0 0 2 3] Pf-V#-^SMOS bv^X^MP 1 5 
0RtfNf-lr*;HMOS h^V^X^MN 1 5 0©7 

• 7-F*#|jSt5Pf-^*;l«3!M0 S F5>5?X*M 
P 1 5 l©7-h, Hf-v*>vmiAOSh7>?Z.#U 
Nl 5 1©7-Mcfi, ^-n^n^OlffiVcpx Vcn 

[0 0 2 4] ttf*©^ 3 ©«b£(uftS CMOS SnBBl 
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msm., mtjmo u t tcwmmstiit b^y^y 

7 • V— h<D?— hm&Vcp, Vcn£SWP1"3 C tlZi. 
[0 0 2 5] HI 6H\ »O$4O«t|5CM0 

sm^mmmmmx&Zo um^Ammz 
c m o s mnmmmmt, nit/- f vdd^ 
f g n d tm^wmmntc p?-** 

/HMO S h7>S>**MP 1 6 0&tfNf-y*;H!M 10 
0SF5>v^MNl 6 0fc, ffiMS?0 u t fcftl 

f g n d fc©fflfc#tasftfcRr^irf»c i 

6 0fcfr6*JjgSft-tV3o Pf-**;H!MOS F5> 
2>**MP 1 6 0RtfNf-+*;HBMO S Yyy*?7>? 
MN1 6 0©y-hfcttA#©SI ntfAaStU Pf- 
t^SMO S F^v^MP 1 6 0Xt4N^**7l/ 
HMOS Fv>^X£MNl 6 0©FW>fr6fttfrfl 

[00 26] «©g? 4 ©«ct^& CMOS UnfeBI 

l 6 0©Sl*iEfb*-&5c:i:EJ;DiaB©RCi^R 

%o nmmmmmitLxn, mmm*%? 
zmmmtimo u t Kmrnm/wmrt 

[0 0 2 7] Hi 7f±, fl£*©ai5©*j£fc:f&5CM0 
SS^g£0K©0KHT?&S o ^0^5©*lSfc 
#5 C MO S ID<n£KBB& ttSUffi/- FVDDfc 
«ffl«fu7 - F G N D ©IHfciI7IJ8tt3 ftfc P * + * 
;HIM0 S h^V^X^MP 1 7 0RtfNf-+*;l^M 30 
0 S h^y'J^MH 1 7 0fr£>«$cStU fro, pf- 

**;l/S!M0S h^yj/x^MP i 7 o©/W^- 

k Nf-+*;HM0S hv>^X^MN 1 7 0©^7 
^y-httt, «VP*v*? ^-FMSWffiVcpB , 
VcnB *WfclSnTV>*tOT»ft5. Pf-V^;l/HM0 
S h7>5?**MP 1 7 02fcffNf-**/H!MOS F? 
>S?**MN 1 7 OOy-htttA^jM^I ntfXtlZ 

[00 28] $*©£ 5 ©Jftj££fl& CMOS SM^3§ 

^y*$*-MHWlEEVcpB , VcnB Wlffl 40 
U Pf-^l^MOS Fv>$?X#MP 1 70&£>*N 
^•¥*;PHM0 S F7>^X^MN 1 7 0 ©Hffi1itE£ 
M0t« c £#©£«3»©$ia* Wt § 

©T*fe£o 

[00 2 9] 

MfriBftbi^il-r^liS] LfrL&fr^ ±5$L 
ft $*©&«£#£ CMOS gRTgilgHSKctt, * 

[0030] wk®%i<mf&i£9t&chAosmms& 
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H\ P^^/l/HMOS F7>^X#MP1 200©? 
fr\ ^D>bXtf6ot©>:ffV->CM0SS¥«#jRR@ 

e-et^KK«s©iw»*iest« c fettle fcffllh? 

S5o COPIMlt $*©£?! 2, ^"3©»C^5C 
MO SSBTiBi®llBfc*l^TfeHaS-p*S„ 
[003 1] $*©i! 4 ©flgftfcftS CMOS SMS 

ffiBBfcfe^m %m*c 1 6 0©&*8fawr3 
fe»ic7tn 9m 7 ^©wmssfrta^sf-o u t 

Sfr\ It, CM0S^HrX(f6ot*#Jtb!S:tf6 
[003 2] ft*©|5 5 ©flbfficff* CMOS S rT?81 

mmmcts^x t , asm is^©iS^ft^# § & «> 

Kttx JfttD^'y^y-FSIWtEEVcpB , VcnB ©©J 

©*t^ c m o s mmmmmxi-ftfcimmm 

[0 0 3 3] «WHtt±EIMWfc«»T4«nftfe© 
T\ ^©gW«, ii«JS*SM^[S©^^ti*^3i 
nl^^«© CMOS SlRfffiBilllBRtf ^©jBB^i 

[00 34] 

[|Bi*j!Ktr S ftfe©?©] CMO SH 

Fi:©IBfcMli:il0>JJ6gK?tift® l ©Pf-+*;H!MO 
S YvyVWBLTSf&l ©Nf-^*7PSM0 S F5>^ 

x^*»eft5CMosSBrsKfa»tfev>"r, ^1© 

P^+*>UfflM0 S Yyy'J^mSW, 1 ©Nf-^^;l/ 

sm o s h 9 yyx $ ©y- f fcA*fi^x*«n* 
fctt, «^*ffiy-Ffre«i"»ffi/-F^»itnafi 
i««©*t ? * mt zmmmmmzmrc c 
tmmt u c ©Sfiict j; 5 , sus • «»»in«ffl 

[0035] wMwmmmm 1 ©«^t lt, m 
i ®Nft^;HMo s h^y^x^^ft-imfiy-F 
taymenj^mttu ^i©pft*/HMost-7 

1 ©Nf-V*;l/MM0 s h^y^x^© 
F (cA^Tfr D fi^frA^J « n« i: t , ^©gtt 
«©*WB*«fft>tiSRrffig6iS(S?*fliV'>* iv\ 

[0036] wmw&m^m%2<om$LtLx, % 

l©Pf-t*;VHMOS vyyi/^zmsmim?* 
^)muo s byyp^tDYu^y tPimmi.y~¥ 
tmkvmztu ^i©Pf-+^i/MMosbvy^ 

^^RtfSB 1 ©Nf-t^/l'ifMO S F 9>S?X*©y- 
HCif6Tfr0fl^A^i?na fct ^©gKffi© 
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[0037] wmmmm^mmzm^t lx, m 

BSfiL/ - Fklgl ©Pf-V */H!M 0 S F 7 >S?X * 

t nmmxwmzft, % i © p ^ *;him o s f 5 

>^X£Rt>1gl ©Nf-^FlMO S F7>^X£© 
y- F {C3i-&±^ Dft^TJiSft^ k tfc, ^©gfi 

[0038] m&mmas^x, nmwm^ 1 
mmmmmmv 0 ^-nrn^wmu lx 
[0039] immim* cmo smwrnmrnw 

/— F fc ©KfcJB£ii0iJJ8Ste!ftfc£ 1 © P ?•+ *;H! 
MOS F7>^X#Rtf^l©Nf-+iM'S!M0S F5 

> s?* s & * c m 0 s mmmmmmmm 

SftftffifcfcVT, Hi ©P?-+*;l>3!M0 S F5>^ 
X*ftff& 1 ©Nf-^FSMO S h^yPWD?- 

F'^ffins ««*»©** «*in»ts c 
<Dfi^£jg5SiB# n«wirr 5 c k mmt u c ©« 

[0 0 4 0] JIftW&JI 1 ©«£ LTte, tISWffiy 

- F kftMfi/- F k©BfcJBfce9>JSSK*nfe« 1 
©Pf-t^SMO S F5>^X£ h% 1 ©Nf-^/l/ 
SMOS F7>$>X*kf»fgS^?kfr6fc*CM0 

©Pf-+*;1/S!M0S F5>$>X2Rtf&l©N?-+* 
;I/gM 0 S F v y*J7s £ tof- F ItCiL^Tm^m^X 

[0041] mwsi%2<Dm&£. i^m mm®.; 

- Ftmm®.;- vtmmmmm^tircw 1 

©P*+*;l>$!M0 S F7>$?X*Rtf8l ©N?-+* 
;1/SM0S F5>S?X*k, l!l©P?-+*/HlM0S 
h7>S?X?RrfHl<DNf-lr*;H!M0S F5>^X 
2 © F W y k F k ©Ifflfc&iteftfc 

aasaff fc*>6ft« c mo s mmmmmmmmwi 

©WaWffiKfev^T, B l ©Pf-^*;H!M0 S F5> 
^X^Rtfi! 1 ©N^+*;H!M0 S Yvy^TsWf 

[0042] £#»&&3©*j8k urn 

- Fk«l«fu/- FkOfflfcJBtiSJiJKR^nfeBrS 
fiRH^k^l ©Pf-v^USMO S F7>i>'X£k® 
1 ©Nf-**/HM0 S h^^X^kfrfcfcSCMO 

(DPf-^^muO S h?yi?Z2RXf%l ©N?-** 
rt/SMO s F7y^x#©y-Ffc#5±tf OM^tfA 
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[0 0 4 3] JJg&flffigtC&l^ 5T«M?t±, tt 
fr5k<fci\, 

[0044] *fgwfc«*4^»f*sa)^Hfcj;nfcf, ^ 
#fti?^B^ft©i&ff >x»gg 
k, s/~ yymmmfrzmmmfcfcur, w& 

m&mx&fr *> ffi^stifcdj^^k mmmm 

10 fHtfc*Jttfr*#*5>^S^**'f3>iW 
Sr£©gtp*ny*M^fcg3fr^t3*>f5> 
Mt, ^-^r>XWSS5f)^©Milfi^t<:jSD 

m : r X F€#fcj£ £fcairt£#©8IfM*i*S&r *r 
X M*->Wfc»&*;5TX F/^-vS^Sk, 
rXh/^->-i^c,J;0^*nfc/^->©TXh 

«Stimii**?Ai»6tB^*nfeai^#k, rX h/< 
20 ^->fcJ:»)Sit£*nfeUl*^©JI8^fflk%, ^-T5 

tt/- f tmn&y- f ^©niciHicmatisnfe 
•v^;i/fiMos h5>^x#fre>&3CMos§Ma 

SI@|g§7?feoT, ®1©P^+*;PSM0S h5^X 
©N^iM/MMO S b^>'> ? X^©y-h 

ffi/- F^e»ftj«fty- F'^n* Jtl««©*t« 
30 Wt Jftl^g^fr « CMOS SR^Bi 
®Hl^fi^fcfe©T?fe§ck^#Mkt, c©«<Sfe: 

cfco, ass • w 7 mmx^m&m&nmmmi 

[00 4 5] 

B8W©Htt©jg«] Pf-v*;»os h^ys/°x^ 

kN^+^;l/SM0S F7^X^k^&»«CM0S 

^ P^t^/l/SMO S h5>^*3Wra*«fcfto 
40 T@B©&<t&tt£?flt*So C©k^ «ig^6m 

?n*««tt, p^-v^smos h^^^x^A^m 

^X^RtfNf-V^aMO S F5>^X#£H1LT 

cwwt^ c kK«fc oa©^sias©iaii*fT 

[0 0 4 6] CtlfcJfU 4^flfc«*CM0SanJ$ 

50 4aa*s©^tH** mm % z.t\ta*) nmrnm 
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[0 0 4 7] LXT-. *Jglflfc«SCMO SSnfeSHES 

[o o 4 8] a 1 14, mmm \ mmmmizm 

©n i ©;Sis©j$i wis cmos wmmsm<m 
mmmmmmommmr^o io 

[00 4 9] #5P1©& 1 ©H!©®!}^ CMOS 

FGNDi:OHEfiJ»JSa*nfeP^*;PS!M0 S F 
7>"WMP 1 0fttfN?"**A/I!MOS F7>-5>X 
£MN 10, MN 1 0 0 t, ffl*ffi : ?0 u t tPiWmW. 

LT\ Nf-**/I/SM0 S h^^X^MN 1 0 t-ttl 

mm; - f g n d t <om fc > * & k n ^ + *a-sim o s 

hv^X^MN 1 0 Otfffiz.Ztlfcffif&tliit^ 20 
5o £©Nf-**/l/S!M0S F7>S>X#MN1 0 0© 
y-bfcttffi£©S0»*EEVait ^Bttnsntv^o ffi 
^©MWEVcnt « x l«i«ii*{iVDD££lii 
(ftGNDl:©cti|ffliii®fi©oVfc-r5 0 Sfe, P?-** 
)VmM0S hyyVZMAP 1 0&tfNf-**;H»MO 
S byy'J^UH l 0©7-MctiA;frM#I ntfA 
astu pf-v*;vSM0S Y5>&*9ia? i oxa 

Nf-v^/HMOS h^yv^MN 1 0©KU-f>fr 

[00 5 0] #&IJi©£ 1 ©H!©MM?> CMOS 30 

[005 1] X^J«g? I nfcASTtf i>»WA#*ft 
Pf-t^SMOS h5>^X#MP 1 Ott* 
SMI, Nf-¥*;PSM0S f^^X^MN 1 0»* 
WK«ii:aS 0 t0fc«flWttA-FVBDfr6«l& 

snswKik p^+jM/SSmos b7>s?x*MPi 
o*^fi^*c i ofcffinsasmxic t, p^-v 

*;HM0 S F5>^X*MP 1 0*»6Nf-+*/HBM 
OS h5>S>X*MN 1 ORtfMN 1 0 0£S1LT£ 

i*ffiy-FGNDtsnsai*ffiip tt^n 40 

[0 0 5 2] A*M9©e3KS£^S*»irr«i«ft 
tt^lSWBtlc "PfcO, gftgic 1 oi:P?-+*;H! 
MOS b^^X^MP 1 OOtfyfi&fcfr&ife&Sft 

5 r c Btsat x <o , mm$m<»%%&*oMim 
[0053] jrotft 1 P ©«jKittst)-f jt^-e 

fcD, amSi$lfflfe^Kail«BIfcJt«LTSBIW«:t 
^©«@[^©t«?£^ c©l»S?S£«Ts;: 50 
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fcic «fc t> mm& - i&mmmmwmi 

\%>mMo s h^^x^MN 1 0 o©y- buwrn 
Event t Lrwm&mwMmvottmmG n d 
fc©«iggfi© « v mm urfet , urns 1 p * 

anSfctty-HBUMEVcnt *oV*»6WWEE 
VDDtaW<j5^ttt/|vflA a V£tt3lf ±tfSCfcfc 
■J; 1 ?, Nf-**;H!MOS b^^X^MN 1 0 0©* 

«J±Vcnt ©«§-e£3$!>JM8Aa Vtt, Nf-t*;l' 
SMO S F5>S?X#MN 1 0 0©4->fiK^if©©lt 

-©bus • mmrnxmommmmmmmm 

7-FiHfMEVcnt #a V©£t{at®LTifftrt3 

[0 0 5 4] jit, Nf-Tr*;l/fflMO S h7>^X^M 
Nl 0 0©*>^a*^f <*S*5t, Jfoy-MiJ 
H'lEVcnt £ a Vfr 5 A a Vfcit^MfuG N Dfcfi 
-5< ?5F|ftfc!HE Ttf§ <fc 5 KSItrrS fc. Sill I p 

tM^<*§o cnt.fco, ft^tc i o^\©3tmm 
»ic ffto-rpkmu m<o&mmm>te< 

[0055] H2(±, ^muzfazcMosmnmrn 

mm&mmbmwmmzo saw 

fcfcSCMOSSreiSjHiiafiHk 02 (a) K^ti 
*S*fiE/-FVDD^»l*ffiy-FGND 
fc©HltiS^^tlfcP^+*;l/SMO S h7>^X 
^MP 2 0ftffN?-*iM>SMO S hv^X^MN 2 
0, MN2 0 0fc, N^-V^H!M0 S hv^^X^M 
N2 0©V-X&tfN^^*;VSMO S Yyyi/X^U 
N200©KW>i: ftfflmffiy - F G N D t ©Ifflfc* 

n^nM?ijgii$ti/cN^^^;^Mo s h^^x* 

MN2 0 1, MN2 0 2, . . . tfr&Gg&tVZVi 
$><D£tZ> 0 Nf-^^-ASMOS h^>>' , X^MN2 0 

o, MN201, . . . (DY-biat, ^n^nflfs© 
v-vmmmso, si, . . . mmtir^ 

§o 3fS©y-h«ES»«S^S0, s i, ... tt s 

m m mwMmwtmmuG n d t<Dmmm& 

(DaVQMEmtt&o tit, N?**mU0Sb 
5>v > 'X^MN2 0 0, MN2 0 1, . . . ©^ffin 

tt^n^tiR, 2R tu ?f-**wmio s 

h^y^X^MP 2 ORtfNf-^^/HlMO S 
X^MN20©^-h K (4A^fS # I n kll S ft, P 
^^*;l/^M0S h5>^X^MP2 0XfiNf-¥^;l/ 
SMO S b7>^X^MN 2 0OFl"f>fr5{ittriB9 

o u t a«a*sn«. 
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[0 0 5 6] M2 (a) OCMOSSBfSHBWtfJj* 
?- 1 n ftfi <o mftktitZ t, P f- * */WHM 
0 S h7>$>X*MP 2 OttSlttllfcaoTHB©^ 

MMO S h7>$>X*MN 2 OttlNBi««"e**«V 
Pft^;H!M0 S h^>S>'X^MP 2 otfa-Y vfc 
^■SHH£N^+*;PSMOS h^y> ? X^MN2 0 
fcfelfc'.h&JGMiftlp «ft3„ ?lT\ *J8flfctt 
5CM0 SSRIiBlSEiaKt^Ttt, Jti&DiSfc, 
Nft^lMOS h^S^M^OO. MN2 0 10 
1, . . . ©y-HWfttEfll^SO. SI. . . . t 

LTmmimwMmmt&wmiG n d twm 
fcy-nwawE^so, si, . . . ©v-rn^i 

OXttlBR* a V*»6«B«E VDD£iSt3< £lftE«/h 
i( A a V Itm If ±W* C A ») , N f - * *;I/SM 0 
S hv>^X^MN2 0 0, MN2 0 1, . . . ©ivf 

na* i -Dxmmty&mmttMaPi^ < t 

5c CCX\ flMMlAaVti, «SWEEVDD©»%8g 
y-hffl®*E#^S 0, SI, . . . #aV©fc*lc 

[0057] mz, nmwM. 1 p awi* ty- f 

snwna^so, si, . . . ©ivf n*» 1 OXttH 

MaVMAnV £tt gjffllti G N D (Cfi^ < £ ftfc 
3lfW5cfctj;0, Nft*/HM0S ^>vX 
2MN2 0 0, MN2 0 1, . . . ©©ftifrl 
«*©# >tffi5v&HfrT EH** < t S k x Jt9tt% 
Ip lot, S««^Ic ifib-ffrtcm 30 

[0 0 5 8] BPS, 132 (a) © C M 0 S 
(4, H2 (b) t^nSA^K, P?-+*;H!M0S 
F7y^X£MP2 0©t#gRRO fcNf-**/H!M 
OS F7>S>*#MN2 0 0, MN2 0 1, . . . ©* 
>fiKRl (R, 2R, . . . ©i0!j£jjffitrt) tsWI 

mmm-sti, fiKRi t inm©ft^i c &mymz 

( a ) ©#3gWfc#5 CMOS TOGBiiaB?^ f 
-MWMS0, SI, . . . ©5^«/JMiAo 40 
v ©§ 1 * ± mmzft -o Tc ©©« £ JS C TfP§©£ 

«RRni**t<a*), sftv n^^smosf 

7>^*MN2 0 0, MN20 1, . . . ©5S*> 
l, . . . 5l«±tfMfMtf9B£ftNKl9IIIti;J;D 

At<&3o y-nemi«BE^so. S 
i, . . . (Dom'mAavwizTimwm-itc 

Sfex Nf-^l'SMOS h7>S>X£MN2 0 0, M 
N20 1, . . . ©5%*>fifi©At^t>©©;f-F 50 
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mwtmso, si, . . . mrmmm?® 

[0 0 5 9] iXt©jKfflfcg-3£, m 1 fcSLfc*^ 
©$ 1 ©fS«©JBttfcfl& CMOS SMMilsISS&tf 

zvmmmfflwmm, c m o s >f v-n 

©MOS h^^^X^T-feSNf-t^P^MOS Yyy 

s?x*mn 1 o tmm.y- f g n d ^©p^t# as 

8tetlfcNf-**;l'gM0 S byyVZZMU 1 0 0© 

y~MHW«BEvcnt mmwtfctfm%t%m>b 

fiA a V£tt§lt±tfXtt§|£"F*f* C fcfc* D , K» 
K • B3^©SS@$fB8J£*fr5 C 
&3<, & y-h$(J«JEVcnt ©ff«, 

So 

[0060] h 3 *m<D%2<Dmmmmm% 

©H 2 <D%M<D?m\Z.%Z> CMOS n nn©^@a©ii 
[0 0 6 1] *l§B£©fg2©Hffi©»:$£CM0S 

Ytm\mmwmztitc?^w£M.o s f^>^ 

X^MP3 0t, Nf-^*;HM0S h5>S^#MN 
3 0fc, 7*u9My?kS 30Rtf®fiiR30t, 
7i-u9My?k S 3 OfttfSffiR 3 OtMWSajl* 
tl1t7i-v?Z'(y?kS 3 lRtffiKR 3 1 7t 
uVMvl-k S 3 OJKtttttR 3 0fcMJWMI«nft 
7tn^^7^A S 3 2RtfgKR 3 2 fcfr6««« 

nrvso fiP^s ^©CMos^^-^t^bT^ 

Nft*;VSM0 S h7>S>X*MN 3 0 
-FGND tm\U lfflim2ti1t7tu?XJy? 
AS3 0&tffiSR3 0. A S 3 1 JkXJWiriR 3 1 , A 
S 3 2MfffinR 3 2m6M«ia4om. 
Pf-^^PSMO S Yyyi?7,$M? 3 O&tfNf-t* 
7PSM 0 S h 5 > ^ M N 3 0 ©7- F « A^3© t 
I n^A^j^n, P^*/H>M0SFv^X2MP 
3 0Xt±Nf-lr^;l^MOS F5>S>'X^MN3 0©F 
UY^CHi^ffl^O u t tfffifcSft*. 
[0062] *»W©S 2 ©H*©Jg(ifcff S CMOS 

snOTEmssa, «H«k:«nsRa«a£*, in^© 
tmmm <om^t\z^ umt % mv-mx& 
%o *m<D% 2 mmmmm^ c m o s m^mm 

SHetfeVTfi, N^-v^;I/SM0S F7>^7^M 
N 3 0 ©V-X tttiitffi/- F G N D fc©P^©g5xfa 

«wwt*fc»fc, w*iicmkmzft%mm%7i- 
ss^is^KUfi • mmmxiio c ttrezz t, 

©T»*So fifixS©«ttfflV^7tn^^-y^tt 
MOS h5>S?X*^ftffl0«J:fctf"ff* 
3„ fiKffi©^f©fcJ6tcM?iig^t§7tn7* 
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c o o 6 3 ] is 4 a, *mo% 3 mmmmimz 

CMOSgBHBMBOHHHB***. BP "^ 

©ft 3 ©^©MliC'flS CMOS £n>T£8£@R©j§ 

®«IBOSi!»lWj*OjKiaHT?*«o 

[0 0 6 4] *%flO^3©H«O}Kifc«SCM0 S 

ssraeBi@ai^ fvdd££s«£/--- 

X£MP 4 ORtfW^FSMO s hyyifztun 

4 0, MN4 0 0t> i:tlP>fcM^Jjg«?nfeP9 L i'* 10 
>mU0 S h^^X^MP 4 l&tfN^**;H(M0 

5 h^y> ? X^MN4 1. MN 4 1 Oi:, |W|«fctt?IJg 
M$nfcP^*/FS*MO S h7>S>X*MP 4 2RXI 
Nf-+*;H!M0Sh7>^*MN4 2, MN4 2 0 
fc, Nf-t*;l^MOS t^^X£MN4 0 0, MN 
4 10, MN 4 2 00*>/*7*{aWt53»R#^ 
£ffl&i0tfr*>m&2tlX\i^<, P^-¥*;«OS 
h7>5?X*MP4 0. MP 4 1, MP 4 2&tfNf-v 
*/l/§8MOS h7>v J X£MN4 0, MN4 1, MN 4 

2 ©y- F fcttAWi I n #A#StU P *;H! 20 
MOSF^>^X^MP4 0, MP4 1, MP4 2X& 
N^tiM'SMOS F9>^X:$fMN4 0, MN4 1, 
MN 4 2© Kl^frfcHtfjfS^O u t tfHtfj^tlSo 
[006 5] #?!HJl©f5 3 ©HI©®! CMOS 
gnnCBEBffi& CMO S-^^-^ftrfChtSWI 
SSR*tlfcMf-¥^Pi!MO S F^^X^MN 4 0 
0, MN 4 1 0, MN4 2 0*#aS^IJfcl^U 
*ffi/-KGNDfc«ail*nfcNf-+*;V®MOS h7 
yi> , X£MN4 0 0, MN4 10, MN4 2 0©'5^V> 

fnfr i tox.itm.my- huwmz. % 1 ©m 30 

h^>v ! X^MN400, MN4 10, MN4 20©:t 

[0066] m^^muos hyy 

>?X2MN4 0 0, MN4 10, MN 4 2 0 fc&litffi 

7— fgnd tmfcZft?nmM?mkwm% 

BiaifcfcS. 40 

[ 0 0 6 7 ] m 5 #38i§©sg 4 mmmmicm 
CMossRr^®tt@»0@»H-efc3<, bp^> #f$5§ 
©fg 4 mmmmzm c m 0 s a bmmihiss©! 

[00 68] #&IJi©& 4 ©H«©M«& CMOS 

FGNDi:OSI£1i5«JSSH«nfeP^+*n4iMO S F 
7>5>X*MP 5 0 0. MP5 0&tfN*+*;I/SMO 

s f^^x^mn 5 0 1, fflMi?o u t tmm& 
/— fgnd tmicttmntcmmmc 5 0 t&e> 50 
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LT, «S»ffi / - FVDDt P^-T *;FSM 0 S F 7 > 
5>X*MN5 0i:©IBfc, 2&fcP^*;FSM0S F 

5>^X#MP 5 0 o*me.n«ii:^-3Tv^o 

COPf'+*>l«!llOSh9>5'^MP5 0 00y- 

Ftettms©w»«Evcpt tfaansftx^*. 

WMfiEVcnt ti, MfBf{i«M«uVDDi;«'«f>iG 
NDfcO^HHBSfiCaVfc-rSo Pf-**Jl4BMOS 
Fv>^X£MP 1 0&tfNf-y*;bS!MO S F7^>* 
X^MNl 0©y-FfcfiA7J€^I n^A^lS^ P 
f-^^jimUO S F7^X#MP 1 0X&Nf-¥*/F 
SMOS F^y^X^MN 1 0©FW^fr5HtfjM*§ 

ou tmfrstis,, 

[0 0 6 9] *^©£4©£*©J$Bfc#S CMO S 
SnMSIlII^ £5T#D£#*A#S-rr£5± 

CMOS§MlSI®@gttiIl&'X A5±#9fl«* 
A#2€TiteTff CMO SlfoTlg 

[0 0 7 0] *^©&4©|&«©}$Bfcfc5CMO S 
ffii»fiefflBHRfcfir5±tf DflMMMJjStiT Nf-v * 
;FSMOS F7>5?X*MN5 OflTOKHEftSfcfr 
fc, «il*{u/-FVDDfcP^*;FlMOS F5>^ 
X#MP 5 0 fc©|fflte#AS»SftfcPf-**>1/SM0 
S F^^X^MP 5 0 0©^-hM«ffiVcpt £a 

v^e. a a v£tfWHffivroteifi3<j5fafc§i* ±tf 

**^fcmPbTPf-+*;VfflMOS F7>5>**MP 
5 0 0 myWm>^H < "TS fc» *S*ffi/- FVDD 
6^Pf-^*;l/SMOS F^^X^MPSOO, MP 
5 0fttfN*+*/l/®MOS F7>2>X*MN5 0*It 

#S1C 5 0^6©KM^»J^nTW«^ I d 

[0 0 7 1] jffitx Pf-^^SMOS F^^^X^M 
P 5 00O*^saW^:t<ftSJ:5^ ^©y-FM 
»EEVcpt £a VfrS A a V/cW»t{jiG ND£j£ 
-3< tffaWltTtf 3 * ^ fcS»rrs fc, fHMStt* 
$<*So cntc^D. ftffBIC 5 OfrSOSWKWE 

istiTKim^ 1 d m& <ftt)x «^©e«si^ 

[0 0 7 2] JK±0«fc5t, u^ h^^fl^A^-^ 

si 4 oymmmm* c mo s sni^jiBiHi^tcfev^ 

[0 0 7 3 ] H 6 \ts *&m% 5 ©H«©«t#5 

cMossnrasffiiiaBSoiaKH-efeSo bp%> *fiw 
©m 5 mmmmz c m o s sp^fsaSKDje 

[0 0 7 4] *58W©®5©H«©^jifc««CMOS 
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mmj§M,mm>®mt, m 1 fc*tM38fio* 1 © 

3»©J#H£^ CMO SSnMg[§JSO«^flJJS 
Lfct©"^ «il«tf 7- F VDDi;±ti^y _ p 
GND i:©P^£at33JSM^nfeP^^*;PSMO S F? 
>>*X#MP 6 0Rt)PNf-V^;VMMO S h^>^X£ 
MN6 Ofr^SCMOS^^-^fc^fLT. Nf-V 
*;l/f|M 0 S F 5 >>>X £ M N 6 0 £ &l«fit/- F G 

nDtmmmmmmmi-^^mMo s f^> 

u 1 1 mmfc;- f g n d ^©fstMatmwiifflM io 

0 s hyyV7.mmmmmmmznrMtK 

oTV^o tiim P^*;F3!M0S F^>>*X£ 
MP6 0RtfNf-¥^;l/|«MOS h^v^MNeO 

frs&s cmo s -o/^-^tc^iPsn/cHimiiiiw 

fflNf-l'^MJMO S hyy^ZZMN 6 0 0£lf§0© 

m^WAmmmmmmmo s h^^x^isisg 
£ft5&0Ba*«wj»ffiMos f^^x^h 

[ 0 0 7 5 ] fg 0 g£DRa«^»ffl N ^ *;FS»M 0 20 

5 h ^ ? M N 6 0 0 ©y- Ftti, F5fi£©y- F 

[o o 7 6] $ i mmmwmmmo s f^>"x 

Nf-V*;l/SM0 S F7>i?X#MN6 1 
tt?J«afc£ftfeN*-**;l/S!MOS hyy^ZZM 
N 6 1 ORtfMN 6 1 1 tmtim-0 u t 

y— fgnd t©Ktitj>jssH?nT|}fig*nTv^o 
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